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Purpose of Study 
The purpose of this study is to investigate the effective­
ness of programed instruction for student learning achieve­
ment when compared with conventional instruction. 
Hypotheses 
1. There is a significant increase in achievement of the 
student learning technical subject matter by pro­
gramed instruction when compared with the achieve­
ment of students taught the same lesson using conven­
tional instruction. 
2. There is a significant increase in student retention 
of lessons taught by a programed instruction when 
compared to student retention of the same lessons 
taught by conventional instruction. 
3o There is a significant decrease in time for student 
achievement by the use of programed instruction when 
compared with conventional instruction. 
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Importance of Study-
Since 1941, the nations* birth rate has risen rapidly. 
In 1941 there were about 24 million pupils in public schools. 
In 1953, there were nearly 2S million, and this growth will 
continue. This expanding enrollment has created critical prob­
lems for our schools. There are not enough classrooms and not 
enough trained teachers to provide an adequate educational 
program."^ To meet these needs, an analysis of programed in­
struction may reveal that it could be applied to many educa­
tional and training situations.2 
Method of Study 
This study was conducted by presenting the same lesson to 
control and experimental groups of students with approximately 
the same level of education, experience, age, and intelligence. 
The control group was presented the lesson by conventional 
instruction while the experimental group was presented the 
lesson by programed instruction. At the end of the training, 
achievement and retention tests were administered to measure 
the achievement and retention of the students. 
1Gordon McClosky, Zeno B. Katterle, and Delmar L. Oviatt, 
Introduction to Teaching in American Schools (Harcourt. Brace 
and Company, New York, N. I., 1954) pp. 10-11. 
2 
A.F. Manual 50-1, Program Learning, Department of the Air 
Force, Washington, D. C., July 31, 1964, p.l. 
3 
Definition of Terms Used 
Behavior - refers to any visible activity displayed by 
the learner (student). 
Terminal Behavior - refers to the behavior one would like 
for the learner to be able to demonstrate at the time ones' 
influence over him ends. 
Criterion - a standard or test by which terminal behavior 
is evaluated. 
Programed Instruction - a student-centered method of 
instruction which presents information in small steps or 
increments, with correct answers immediately following each 
step. The correct answer acts as reinforcement to motivate 
the student for further study or learning. The student is 
guided step-by-step to successful completion of the assigned 
task or training exercise. 
Step - the amount of subject matter of a program exposed 
to a student at any one time. 
Pre-test - a test given to a student prior to entry into 
a course of instruction to determine the technical skills and 
knowledge he possesses in a given subject-matter field. 
Post-test - a test given to a student upon completion of 
a course of instruction to measure learning achievement. 
Teaching Machine - an auto-instructional device as a 
book, apparatus, appliance, or mechanism used as a program 
holder. The device must provide instruction without the 
continuous efforts of an instructor. 
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Program -  refers to content and organization of instruc­
tional material.  
Retention Test -  a test given after completion of the 
post-test,  to determine the amount of subject matter retained 
by the student. A period of time elapses between the time the 
post-test is completed and the retention-test is administered. 
Limitation 
The treatment of this study is limited to the significant 
achievement and retention of 30 students of programed instruc­
tion compared with 27 students of conventional instruction in 




Most of the serious research comparing learning achieve­
ment of programed and conventional methods of instruction is 
currently being conducted by only a few classroom teachers and 
a great many behavioral psychologists.  Consequently, reliable 
information related to this type of study is mainly highly 
technical journals and papers presented at technical meetings. 
These are difficult to obtain or unavailable to the public. 
Furthermore, the information that is available is generally 
difficult to understand due to the technical terms used. The 
United States Armed Forces, for example, are responsible for 
a great deal of excellent basic research in this area on which 
reports have been prepared. Most of these can only be acquired 
with the proper credentials and "need to know".^ 
I  have collected data on reports from colleges, universi­
ties, industry, and the United States Armed Forces, all  of 
which has been digested and assembled into a report suitable 
for consumption by lay leaders as well as members of the 
educational profession. Three of these reports related to 
this study are hereby presented. 
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I TO Q  v^ar^-|s The World of Teaching Machines, 
j  eaching Research and Technology Division Electronics Teaching 
Laboratory, Washington, D. C.,  1961) p!l.  "L e C L r o n i c s  I e a c h lng 
6 
"Development and Experiment 
Use of a 
Programed Text in Medical Terminology" 
This experiment was conducted by the instructors of 
Medical Terminology at Point Park Junior College, Pittsburgh, 
Pennsylvania. It is a report on the use of a programed in­
struction designed for a 30-hour course, which contained 
essentially the same material which had been taught in a 
120-hour course by conventional instruction. The results in 
the student achievement of the course in programed instruction 
was compared with the student achievement of the 120-hour 
course. 
The following are some descriptive matters concerning 
the Medical Technology course. The aims of the course were 
for the student upon completion to: 
1. Build literally thousands of medical words from 
Greek and Latin prefixes, suffixes, word roots and 
combining forms. 
2. Spell medical words correctly. 
3o Use a medical dictionary intelligently. 
4. Participate actively in the thought process used 
in word building. 
The population was high school graduates in pre-medical 
or medically allied fields. The prerequisite was a high 
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school education, only. No pre-test was required. It  was 
assumed that a pre-test would be of no value with a vocabulary 
so technical.  The instrument used for measurement of achieve­
ment in learning was eight (&) tests consisting of twenty-five 
(25) questions each. On the first ten (10) questions the student 
had to give a word meaning of a brief definition and spelled 
correctly (see example below). 
Example: 
Give a Word Meaning 
Question Answer 
1. Surgical repair of Pyleoplasty 
renal pelvis 
2. Overdevelopment Hyperplasia or 
hypergenesis, or 
hypertrophy 
On the last fifteen (15) questions the student was 
required to spell correctly and give a brief meaning of a 
word (see example below). 
Example: 
Spell and Give a Brief Meaning of: 
Question Answer 
1. Gastroduodenostomy Making a new connec­
tion between the 
stomach and 
duodenum 
2. Abdominocentesis Surgical puncture of 
the abdomen 
B 
The grades of the programed instruction class of 1961 
were compared with the conventional class of I960, as shown 
in Table 1, 
Table 1 
Comparison of Grades in the Two 
Classes of Medical Terminology 
I960 class - 120 hr. course - Conventional Method 
1961 class - 30 hr. course - Programed Method 
Grades I960 1961 Grade Value 
A 37 -37% 26 - 30% A - 95 - 100 
B 33 - 33% 32 - 37% B - SB - 94 
C 20-20% 16 - IB.4% C - B0 - B7 
D 9-9% 10 - 11.5% D - 70 - 79 
F 4 - 4% 3 - 3.4% F - Below 70 
Total 103 ~o7~ 
In compiling grades in Medical Terminology, the course 
is considered a "skills" course, and grades are computed as 
a percentage of a standard. The standard is based on 15 years 
experience in training medical secretaries and the feedback 
from employees of these secretaries. 
Since there was no decline in the quality of the achieve­
ment and performance of the B7 students taught by programed 
instruction, the programed instruction method proved more 
successful in student achievement with less time. 
The experiment was followed by a revision of the pro­
gramed instruction and presented to a class of 1962. The 
achievement results were compared with the I960 and 1961 
classes. A cumulative performance statistics is shown in 
Table 2. Data on students in the experiment appear in Table 3. 
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Table 2 
Comparison of Grades of 3 Classes 
in Medical Terminology 
I960 class - 120 hr. course - Conventional 
1961 class - 30 hr. course - Programed 
1962 class - 30 hr. course - Programed 
Grades I960 
# 
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A - 95-100 
B - 33-94 
C - £0-37 
D - 70-79 
F Below 70 
Table 3 
Students Involved in the 3 Experimental Groups 
Reported in Table 2 
I960 1961 1962 
Aptitude Test 
Score Means 109.3 103.1 106.9 
Age Means (years) 13.7 yrs. 13.7 yrs. 13.6 yrs. 
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The analysis of these results shows that, in this 
instance, a programed instruction demonstrated an increased 
learning efficiency.^ 
"Machines and Teachers Used in Test" 
This study was conducted by Kenneth N. Fishell, 
Assistant Professor of Education at the University of 
Rochester, Rochester, N. Y. and Raymond H. Hartjen, Product 
Manager Programed Learning, Grablex, Incorporated, Rochester, 
N. Y.. It was designed to provide some answers to questions 
regarding the effectiveness of programed material presented 
by a teaching machine to students with poor achievement 
records in a subject. The study was not only designed to 
measure the value of programed material in review of subject 
matter previously taught, but as a supplement to classroom 
instruction, also. 
Discussion of study: 
The population for this experiment was forty-five (45) 
students attending a summer session course in algebra. This 
course was designed as a review of ninth-year algebra for 
students who had failed the course previously, or who had 
passed but wished to improve their grades. 
^"Genevieve L. Smith, "Development and Experimental Use 
of a Programed Text in Medical Terminology", NSPI Journal. 
1964, Vol. Ill No. 9, pp.4-5. 
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Two (2) tests were used in this research. The June test 
following grade-nine algebra was used as a pre-achievement 
test, while the test following summer-session algebra xvas used 
as a post-achievement test. 
Ihe program used in this test was a pre-published version 
of intensified algebra, prepared by Programed Teaching Aids, 
Incorporated of Arlington, Virginia, in cooperation with 
McCrow-Hill Book Company, New lord, N. I.. The students were 
assigned at random to the experimental and control groups. 
Both groups met on the same schedule five (5) days a week, 
two (2) hours per day for seven (7) weeks. 
The control group (N-25) was taught in the conventional 
manner with teacher presentation (lecture, discussion, class 
exercises, homework and periodic quizzes). The experimental 
group (N-25) used programed material presented by a machine 
for one (1) hour of each class session. The second hour was 
devoted to the teacher to explain material covered by the 
programed lesson, but not understood by the students of the 
class or demonstration of the use of a new material. The 
student was quizzed at the end of topics to point out problem 
learning areas. 
The two (2) teachers involved in this study were both 
familiar with the general course outline for grade-nine algebra 
used in this school. Both courses were to cover the same 
lesson objectives. 
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All students were given the same summer school algebra 
test and were assigned final grades under the school system. 
In addition, each student of the experimental group was inter­
viewed. The interviewer asked questions designed to determine 
the students'  reaction to programed instruction. 
Results of Research 
Although the students were divided in the groups, a 
difference in mean I.Q. score did exist between the groups. 
While the control group was somewhat higher (116.3 NS 110.2), 
this difference did not prove statistically significant. 
Inspection of pre-test grades showed that the experimental 
and control groups differed when compared with both final 
class grades and final test grades. These variations were 
controlled with co-variance analysis. 
In a comparison of the final test grades and the final 
grades'  means controlled for final grades in June, the value 
obtained shows that the experimental group proved significantly 
higher in achievement than the control group, as shown in 
Table 4. It  is more impressive to note, however, that only 
about $0^ of the control group received passing grades while 
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Student reaction to teaching machines and programed 
instruction, as recorded in the interview, was generally 
favorable. Of the 24 students, IS gave favorable answers, 
3 were uncertain, and 3 answers were unfavorable. 
Most of the favorable comments cited were opportunity for 
one to proceed at his own rate, improved achievement, and 
clarity of presentation of the material. It is interesting 
to note, however that about one-third (1/3) of the group, 
including many students who gave favorable reactions, reported 
that at times the program was boring. These students indicated 
that boredom was caused by working with programed instruction 
with long involved frames for more than one hour at a time. 
In analyzing the results of this experiment, two (2) 
findings stand out. First, significant growth in achievement 
does take place in a remedial classroom situation in which 
teaching machines and programed instruction are used in algebra. 
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Second, the students' reaction toward learning by a programed 
presentation is generally favorable.^ 
A Comparative Study of Programed and Conventional 
Instruction in Industry 
uecause of the implications of programed instruction for 
industrial training programs, a research project was under­
taken to evaluate its feasibility and effectiveness in an 
industrial training situation by means of experiments at 
technical employee training center of a large company# 
This research was conducted by J. L. Hughes, PHD, an 
Industrial Psychologist with over fifteen years experience 
in personnel and training research; Consultant Educational 
Research at the International Business Machines Corporation, 
New York, N» Y.; and Dr. W# J. McNamara, Department of 
Education IBM Corporation, Endicott, N. Y.. 
lhe experiment compared the learning achievement of 
employees taught by Programed Instruction in the form of 
programed textbooks with that of classes taught by conven­
tional classroom instruction. The reaction of the programed 
instruction (experimental) classes to the use of programed 
instruction was also obtained. 
j m ^nneth N. Fishell and Raymond H. Hartien "Machinpq 
No! 7?app? r?0??!? ^ Tes t\^ Journal. 
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Background of the Study-
In March, I960, a team composed of a training system 
instructor and a psychologist was formed to prepare programed 
textbooks for the introduction of a 16 week course on Inter­
national Business Machines (IBM) 7070 Data processing system. 
This training was given to computer service men at a company 
training center. In September the programed textbook was 
completed that covered 15 hours of the course introduction 
presented by conventional classroom instruction (lecture and 
discussion). This amounted to the equivalent of 5 weeks of 
a three (3) hour college course. 
The topics covered were the names and functions of units 
of IBM 7070 Data processing system, bit coding, data flow, 
types of computer words, and the program step. 
Procedure of Study 
Two classes (N-42) which reported to the training center 
during September, I960, were designated the control class. 
They were taught the introductory material of the course by 
two different instructors using the conventional classroom 
method. The instruction covered a period of four mornings 
with a total of 15 hours, 3 hours on the first morning and 
4 hours on each of the remaining three mornings. Each 
16 
afternoon was spent on another phase of 7070 (IBM) training. 
On the fifth morning these classes were given a comprehensive 
2-hour achievement test consisting of 88 completion and 
multiple choice items. 
Six classes (N-70) made up the experimental group. Two 
of these classes reported for training each month from October 
through December, I960. They were instructed solely by means 
of programed instruction, which was substituted for lecture 
and discussion for the introductory part of the course. 
The classroom time alloted for programed instruction was 
a 3 day period, with 3 hours on the first day and 4 hours on 
each of the last two days. This reduction in time was based 
on fairly conservative estimates of times needed for the 
trainees to complete the programed textbooks. The first 
programed textbooks were passed out the first day. The third 
and fifth programed textbooks were passed out the beginning 
of the second and third day respectively. The second and 
fourth programed textbooks were passed out upon the trainees' 
completion of the first and third respectively. 
The reason for deliberately placing the completion of 
the five programed textbooks over a 3 day period in this manner 
was to assure better administrative control. The experimental 
design, however, prevented the faster student from finishing 
all of the programed textbooks before the third day, and did 
not permit the direct measurement of the full saving in pre­
sentation time possible with the use of programed instruction. 
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After passing out the programed textbooks at the beginning 
of each class, the instructors confined their role to stating 
at the beginning of the period that this section of the course 
would be taught by five (5) self-explanatory programed text­
books. They then retired to the back of the classroom and 
recorded the number of frames that each trainee completed in 
class. They also answered as briefly as possible the questions 
asked by the trainees and recorded them. It was never mentioned 
to the students that they were participating in an experiment. 
On the morning following the completion of their instruc­
tion, the experimental class took the same achievement test 
taken by the control group. In addition, they completed a 
student questionnaire asking them to evaluate their programed 
instruction. 
The questionnaire of five items with five-point descrip­
tive scales measuring the effectiveness, difficulty, and 
acceptibility of programed instruction, and three open-end 
questions asking for any general comments of the aspects of 
programed instruction, particularly likes and dislikes. 
In order to eliminate the possibility of exchange of class­
room material by the control and the experimental trainees 
during evening study periods, the groups were run consecu­
tively rather than concurrently. 
The students were assigned to classes as they were 
reported available for training by their office managers in 
each field. The background variables which differed for the 
18 
control and experimental group was controlled by analysis 
of co-variance procedures. The various background data, 
such as age, educational level, experience and previous 
computor experience were collected by means of an education 
and experience questionnaire. A programer aptitude test 
was also administered. The significant differences on the 
variables for the control and experimental groups and the 
correlations of these variables with the achievement test 
score were calculated. 
Results of Study 
The subject matter covered in these experiments took 
15 hours of classroom time to be presented by conventional 
instruction (lecture-discussion). The same information was 
covered in 11 hours by programed instruction (programed text­
books). A saving of 4 hours or 27% in the time used in 
classroom presentation. 
Comparisons of the aptitude test score, background 
variables for the control and experimental groups are shown 
in Table 5. Of all the variables, only the programer aptitude 
test scores statistically showed a significant difference 
between the two groups and had a significant relationship with 
the achievement test scores. 
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Table 5 
Comparison of Control and Experimental Groups' 
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M - Means 
SD - Standard Deviation 
On the achievement test scores, the control group had a 
mean of $6.2 and a standard deviation of 7.4. The experimental 
group had a mean of 95.1 and a standard deviation of 4.0. When 
the achievement test scores were adjusted for the effect of 
programer aptitude test scores, the control group and experi­
mental groups' mean became $6.9 and 94.7 respectively. 
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of Aptitude Test Scores (X) and 
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Based on these results,  the hign means in achievement 
for the experimental group was due to the teaching method. 
The distribution for adjusted achievement test scores for 
the control and experimental groups are given in Table 7o 
Table 7 
Distribution of Adjusted Achievement Test Scores 
for the Control and Experimental Groups 
Achievement Adjusted Control Group Experimental" 
Score Level N-42 Group N-70 
# % * T 
95 and above % 12 V7 ST 
I ?  " ftQ ^ 33 15 22 8 5 - 8 9  9  2 2  5 7  
80 - 84 7 17 3 4 
75 - 79 5 12 
7 0 - 7 4  1 2  




Means " 9ry 
Standard Deviation 7.0 ^ g 
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ihs distribution for the experimental group indicates a 
concentration of scores at the upper scale levels. If a score 
of 95 or above is adopted as an indication of the subject 
matter taught, it can be seen that the experimental group had 
67% at this level or above, compared to the 12% for the control 
group at the same level. Therefore, the programed instruction 
group had more than five times as many trainees at the highest 
achievement level. 
On the student questionnaire administered to the six 
experimental classes, the response of the trainees was very 
favorable to programed instruction as shown in Table 8, The 
table shows that of the total group of 70 students, 87% liked 
programed instruction more than conventional instruction, 
8y)o vrould prefer using it in future courses. Only 67% liked 
programed instruction and 13% would have the same objection 
to using it in the future course. 
The student questionnaire also provided the trainee with 
several open-end questions concerning their particular likes 
and dislikes about programed instruction. An analysis of their 
answers indicated that the most frequently liked aspect of 
programed instruction was its effectiveness as an instructional 
method, the repetition of important points, gradual and logical 
sequence of presentation, maintained the students attention, 
and the ability to proceed at ones' own rate. Comment was made 














































u p > 
cd P 0 
r l  O i J  
&o d d 
cu -h o 
Sh >> 
d 
® o CO 
P -H 0 
p p co 
o Sh 
o d d 
P Sh o 
P o 
TJ CO 
CD a >> 
Sh *H C! 
cd cd a. g S< 
S o S 
o o o 
O Sh o 
!>» 
^R RR RR rH RR 
c"\ 1 0 cc\ bO Sh vQ 









RR RR 0 RR 
1 1—1 CO 0 «H O 
CM CM 1—1 a 0 0 rS Li 
CO Oh 
"SjR *0R RR 
P 
•R ? ^ 
C- C- d Sh -4 




RR RR 0 0 d RR 
C^\ 1—1 vO g - o o  0  
<*\ r^s O P "H rH 
CO O P 
S 
rH 
RR RR RR bOp 
<y\ CM -4- d 0 




d CO Xi l co 0 0 O Sh o— 0 0 -H to d p cd U M p O P SH O P rH 
SOhOH 0 XS O d !>, 0 d 
p Xi d O s bO 
0^ •H M P >> Sh 0 xi 0 
p d 04 "d P rH iH Sh 
p 0 co d 0-» d co d {X, fn 
•H aj 0 O T) p d dp ^ xs 
0 P ? Oh Xi !>> 0 CO 'H P-* cd & 0 0 0 
04 O H P Sh 0 Ph P xi 
•h d P 04 p 0 0 d Sh g ~p 0 -p 
rH1 Sh rH co x: t> g  0 - H  00 00 
P d y C d  b o o  0 s d 0 p 0 cd g 
d w 0 d xi d 0 xi cd 0 cd 0 H 
0 d •H *rl cd SH 0 0 p to a, S 
i>vH «h co 1—1 p 1—i x i  b o s n  SH O 
O- «h d r—t cc 0 0 d !>> 0 d 0 
o d d  •H 0 Td -H d d x) P cd P >H Sh 
• O 0 O  Tf d S O SH S a o  d s 0 
S P Sh Xi 0 xi «H 0 XS CO 
£ cd P & cd £ P P £ 0 p d 04 0 cd 
O SH 0 0 0 O 0 CI O X! 0 d OH OH 
ffi MS 33 H 33 B S 33 P a O >>rH d O 
• • • • • 
H CM CN -4" tf\ 
23 
The findings of this experiment indicated significant 
gains in achievement and reduction of training time by the 
programed instruction. Students' reaction to the programed 
instruction was favorable.^ 
^J. L. Hughes and W. J. McNamara, "A Comparative Study 
of Programed and Conventional Instruction", Journal of 
Applied Psychology. 1961, Vol. XLV, pp. 225-31. 
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CHAPTER III 
Conduct of Study 
This study was undertaken as a preliminary step in the 
experimental investigation of the training effectiveness of 
programed instruction as a teaching method when compared with 
the conventional method of teaching. Since this study was 
undertaken as a part of a larger research program directed 
at improving the Air Training Command's System Training 
Program, it was intended to get preliminary answers to the 
following questions: 
1. Which method gives the best results for student 
achievement in learning? 
2. Is learning more permanent with programed instruc­
tion or conventional instruction? 
3. Which method requires more time to present a lesson? 
Discussion of Study Preparation 
In preparing for this study, a programed instruction was 
obtained for the subject matter to be taught. A study was 
made of all the training control documents, which included 
job training, standard, course charts, syllabus, student 
study guide, student workbook, and the instructors' lesson 
outline. Detailed notes were made on the instructors' 
presentation of the lesson and the time schedule of student 
activities. 
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After the classroom observation, as a student observer, 
each point of the lesson outline was discussed with the 
instructor to determine exactly what the lesson objectives were. 
This discussion was followed by a meeting with the classroom 
instructor, course supervisor, and curricula personnel to 
obtain minor changes to the conventional lesson objectives in 
order that they match the objectives of the programed 
instruction. 
Description of Students Used in the Study 
The students used in this study were attending an elec­
trical course at Sheppard Air Force Base, Texas. Information 
concerning their background such as educational level,  age 
and IQ scores was collected with an experience and education 
inventory questionnaire. Their ages ranged from eighteen to 
twenty-four years, with an average of twenty years. 
These students were on active duty with the United States 
Air Force and had approximately the same electrical experience. 
They all  were high school graduates and had previously 
completed an Air Force Basic Electrical course. 
Treatment of Study 
This experiment was conducted at Sheppard Air Force 
Base, Texas using students who were attending a regular course 
in electricity. The subject for this study was "Interpretation 
of Electrical Wiring Diagrams", which was a part of the regular 
course tne student was attending. The objectives of this lesson 
26 
were for the student to be able to interpret and use electrical 
wiring diagrams. Table 9 shows the general and specific be­
havioral objectives of the lesson to be taught and the criterion 
to test for. 
A total of 67 students were used in this experiment of 
which 3& received instruction by programed instruction method 
and 29 received instruction by the conventional instruction 
method. The students reported for training in 2 week intervals 
over a period of 6 weeks. Upon reporting for training, the 
student filled out an experience and education inventory 
questionnaire and was given a pre-test. 
Students that enrolled per 2 weeks were designated as a 
class. Each class was divided into 2 groups based on their 
electrical aptitude and pre-test scores, with consideration 
of their ages and electrical experience. One of the groups 
was designated as the experimental group and was taught by 
using the programed instruction method. The other group was 
designated as the control group and was taught the same lesson 
by using the conventional instruction method. 
Two (2) days of 5 1/2 hours each were alloted for class­
room training time for each group. At the beginning of the 
class period the experimental group was given a programed 
instruction and a workbook to be used during classroom training, 
only. The programed instruction directed the student to its 
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this group to announce the beginning and end of the classroom 
training each day. He was also used to keep records of the 
students' work and time used for completing the programed 
instruction. 
The control group was given a workbook to be used during 
classroom training under the direction of their instructor who 
presented the lesson. Both groups were given a study guide to 
be used for home study. No remedial training was authorized. 
In order to measure the achievement of the students in­
volved in this experiment, the same written and performance 
post-test was given to both groups. The students' retention 
of the subject matter taught was measured by a retention test 
(same as post-test) thirty days after the lesson was taught. 
Result of Study 
Table 10 shows the result of a statistical analysis of 
the experimental and control groups' mean scores. By inspec­
tion of Table 10, it can be seen that there is no significant 
difference in the pre-test and electrical aptitude test mean 
scores of the experimental and control groups. However, there 
is a significant difference of the post-test, retention test 
mean scores and the mean completion time of the experimental 
and control groups. These differences show an increase in 
achievement and retention of the subject matter with less 
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In regard to the hypotheses, the result of this study 
shows that there is a significantly higher increase in achieve­
ment and retention by students taught with the use of pro­
gramed instruction when compared with achievement and reten­
tion of students taught by the conventional method. The 
results also show that there is a significant amount of time 
saved on student achievement when taught by programed 
Thus, the hypotheses of this study is confirmed and is 
in agreement with other related studies done by colleges, 
universities, governmental agencies, and industry. 
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CHAPTER IV 
Summary, Recommendations and Conclusions 
Summary 
The purposes of this study were to investigate the 
significant difference in achievement, retention of achieve­
ment, and time required for achievement of students using 
programed instruction method of learning when compared with 
the conventional instruction method. 
The students used in this study were composed of 67 
students enrolled in a class of electricity at Sheppard Air 
Force Base, Texas. Their ages ranged from 13-24 with an 
average age of 20. All students were classified as high 
school graduates or above. 
The students were divided into experimental and control 
groups. The experimental and control groups were each divided 
into 3 smaller groups. Programed instruction was used to 
present a lesson to the experimental group while conventional 
instruction was used to present the same lesson to the control 
group. 
The same post and retention tests were administered to 
all 67 students. The mean score of the post and retention 
tests taken by the students in the experimental groups was 
calculated and compared with the mean score of the same test 
32 
taken by the control groups. The mean time used by the experi­
mental group to complete the programed instruction was also com­
pared to the time used by the control group. This comparison 
was designed to establish the significance of the difference be­
tween the means of both groups. It was found that the experi­
mental group scored significantly higher, on achievement and 
retention tests, than the control group. It was also found 
that the experimental group used significantly less time for 
their achievement than the control group. This confirms the 
hypotheses of this study. It also agrees with other studies 
in this area by universities, colleges, governmental agencies 
and industries. 
Conclusion 
Although the data for this study is somewhat limited be­
cause of the length of the study, and the nature and size of 
the groups used, certain conclusions concerning the results 
of this study may be made: 
1. Programed instruction has a tendency to increase 
permanent learning of technical matter. 
2. It is indicated that programed instruction will save 
time in classroom presentation of lessons. 
3. Programed instruction may be of some value for use in 
standardizing training and to reduce the instructor's 
work load. This would allow the instructor to give 




It  is recommended that further study be made in the use 
of programed instruction as a better method of teaching. The 
results of this study should be considered as an indication 
of the effectiveness of programed instruction. 
It  is also recommended that the findings of this inves­
tigation be considered indicative of the population and type 
of training used, namely high school graduates or above and 
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22 1=88% 3=88% 
21 2=84% 
20 1=80% 3=80% 2=80% 
19 1=76% 1=76% 2=76% 
18 1=72% 1=72% 1=72% 3=72% 
*7 1=68% 2=68% 1=68% 1=68% 
16 1=64% 3=64% 1=64% 
15 1=60% 1=60% 1=60% 
14 1=56% 1=56% 2=56% 2=56% 
13 2=52% 3=52% 2=52% 
12 1=48% 1=48% 2=48% 2=48% 




7 1=2 8% 
6 1=24% 
5 
Final mean J fo score 76 .5% Final mean % score 92,5% 
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EXAMINATION FOR INTERPRETATION 
OF ELECTRICAL WIRING DIAGRAMS 
1. List four basic types of wiring diagrams 
2. A wiring diagram showing the overall picture of the system 
by single line connections to each component is a 
type diagram. 
3. To understand the detail function of each circuit in a 
wiring system, you would select and study the 
type wiring diagram0 
4. A connection diagram will show the 
a. complete physical arrangement of the electrical 
system,, 
b. detail functions of each electrical device in 
the system. 
c. wire connections between devices in a unit assembly. 
d. external connections of all units in the system. 
5. An interconnection diagram will show the 
a. complete physical arrangement of the switchgear. 
b. detail connections of all devices in the system,, 
Co connections between the switchgear and generator 
only. 
d« connections between unit assemblies and associated 
units. 
6. The purpose for studying the one line and elementary 
diagram is to 
a. make the proper wire connections. 
b. determine and understand system operation. 
c. understand maintenance procedures. 
d. assure proper installation sequence. 
7o The connection and interconnection wiring diagrams are 
used to determine proper 
a. equipment installation. 
b. system operation. 
c. procedures for circuit extraction. 
d. sequence for operational checks. 
40 
APPENDIX E (cont.) 
8. Electrical wires are coded by using colors0 The three 
methods of coding by color are 
a. solid, band,dash 
b. band, strip, combination of band and strip 
Co solid, band, and strip 
d. strip, dash, combination of strip and dash 
9c List four methods of coding electrical wires. 
10. The combination code is formed by using a combination of 
, and/or , 
11. The following symbol I designates a 
a. power transformer 
b. adjustable transformer. 
Co current transformer. 
d. combination transformer. 
12. The legend on a wiring diagram identifies the 
a. type of wiring diagram being used. 
b. method of coding for each wire. 
c. operation of each switch. 
d0 abbreviations and letters by each device. 
o lo locate the connection points of each wire on a wiring 
diagram, you would check the 
a. switch schematic. 
b. legend. 
c. connection key. 
d. description table. 
. write the correct name for each of the following electrical 
symbols. 
V 




APPENDIX E (cont.) 
15. One end of wire 74 is connected to a terminal post at 
device AB» To quickly locate the other terminal post to 
which wire 74 is connected, you would check the 




c. actual pictures. 
d. description tables. 
17. Match the letter of the electrical device to the correct 
abbreviation. 
a. Current transformer V.R. 
b. Synchronizing switch T.B. 
c. Power factor meter C.T. 
d. Terminal board F.M. 
e. Voltage regulator Syn. SW. 
f. Frequency meter P.F.M. 
120 Draw the symbol for a (voltage) transformer0 
19. To determine the closed contacts of a control device, you 
would check the 
a. connection key. 
b. switch schematic. 
Co description tableB 
d. table of contents0 
20. Before tracing a circuit through a switch that has several 
contacts, it is necessary to know which are 
21* The "X" drawn in the position column on the switch schematic 
tells us which are closed at each position. 
22. The legend is an aid for tracing circuits on a wiring 
diagram. List two other aids for tracing circuits. 
42 
APPENDII E (cont.) 
23• When tracing circuits on a wiring diagram, the starting 
point is usually the 
a. control device,, 
b. power source0 
Co nearest resistor. 
do nearest terminal block0 
24. When the power source is difficult to locate, we can trace 
the circuit by using an alternate starting point; this 
alternate starting point is the 
a. terminal block. 
b0 fuse block. 
c. control device, 
d0 unit of resistance. 
25c A circuit from a wiring diagram that is drawn in its 
simplest form and shows all units, control devices and 
wire connections is 
a, an extracted circuit. 
b. a one line circuit, 
c. an alternate diagram. 
d, a connection diagram. 
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APPENDIX F 
P ro j ec t  S - 8  
PERFORMANCE EXAMINATION FOR 
INTERPRETATION OF ELECTRICAL WIRING DIAGRAMS 
1. Each student will trace the frequency meter and voltmeter 
circuit o 
2.  Each student will extract either the voltmeter or the 
ammeter circuit.  
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APPENDIX G 
ANSWER SHEET POST-TEST 
NAME DATE 

























( d )  
( b )  
( a )  
( c )  
devices in a unit assembly 
assemblies and associated units 
system operation 
One-line; Elementary, connection; interconnection 
One-line 
Elementary 
( c )  W i r e  c o n n e c t i o n s  b e t w e e n  
Connections between unit 
Determine and understand 
Equipment installation 
Solid, band, strip 
Letters, numbers, color, combination 
Letters, numbers and/or color 
( c )  C u r r e n t  t r a n s f o r m e r  
( d )  A b b r e v i a t i o n s  a n d  l e t t e r s  b y  e a . c h  d e v i c e  
(c) Connection Key 
a -  contacts no closed; 










; c  -  resistor; d -  wire 




3£ -• ir 
( b )  S w i t c h  s c h e m a t i c  
Contacts are closed 
Contacts -  switch 
Connection Key; switch schematic 
( b )  p o w e r  s o u r c e  
( d )  u n i t - o f - r e s i s t a n c e  
( a )  a n  e x t r a c t e d  c i r c u i t  
APPENDIX G 
k l  
APPENDIX H 
EXPERIENCE INVENTORY 
INSTRUCTIONS: Furnish the following information so the instructors 
will have a better understanding of your background and needs. 
NAME: 
(last) (first) (initial) 
AGE: 
RANK: AFSN: MONTHS IN GRADE: 
SAFB SCHOOL SQDN: CLASS NR; 
PRIMARY AFSC: 
HON LONG HAVE 
YOU HAD THIS AFSC: 
OTHER AFSCss 
LENGTH OF SERVICE 
Military:. Civil t 
FORMER SERVICE 
Army: Navy: 
HOME RASE AND COMMAND: 
SQUADRON TITLE: 
What have been your duties 
for the last 12 months? 
Did you ask to come to this school 
PRACTICAL EXPERIENCE HEIATED TO ELECTRICITY. Indicate in the 
blanks the extent of your experience in the Air Force or as a 
civilian. 
Worker or 
Operator Supvr Months 
Motor Rewinding & Repair 
Overhead Distribution 
Underground Distribution 
Air Field Lighting 
Interior Wiring with Conduit 
Interior Wiring without Conduit 
Kitchen Applicances 
Preventive Maintenance 




SCHOOLS AND TRAINING 
List schools that you have attended while in the Air Force relating 
to your AFSC or projected duty assignment. 
COURSE TITLE LOCATION DURATION 
List courses that you have taken such as ECI, USAFI, etc, which are 
related to your AFSC or projected duty assignment. 
Circle the highest grade you have completed in public school: 
High School: 7 8 9 10 11 12 GED 
College: 1 2 3 J* GED 
Indicate the courses and extent of training you have received in 
high school, trades schools, or college, 









pA RT IE, PERFORMANCE TEST - CIRCUIT TRACING 
APPENDIX 6 
CCOOT.) 
\ r \  ys'ss 













Air circuit breaker.centre! twitch 
Ammeter twitch 
Governor meter ewitch 
Synchronizing ewitch 
Voltage regulator twitch 
Damping He reformer end rectmr • 




Voltage nguletnr ettemfcly 
MAIN BUS BAR COMPARTMENT 
SWITCH DETAIL 
von«M «i gui »tqt switch (Si 
conucts l_ rosmoNS 
HAKOIE EN>7 NO. HG T INO > 
SYNCHtONIZING SMKHJM 
cts t r rovMONj AMMC11» SWITCH (T) "CONTACTS J WHTldNS 
HAN01E | I . 
ENO ; NO. Off '> 2 
TECHNICAL POWtl 
AUTO : C*» "AN 
20-0-0 I '-2 
40-ll~0 i 1 T"4  
60-H-0 5 S-4 
: io-H-O 2 7-T 
J100—i*-o • | '->0 
12 OttlH ^1 '.I12 
SWING MTlMN TO C*f 
r/IYIIHM MOTOT SWITCHlOl 
CONTACTS I POSITION 
HANOLi 




HEOUENCY »MTt« SWITCH (H) 






SWING IETUN 10 "Off 
SWING KTU»N TO -Off' 
n o t e : A.C.B. m e c h a n i s m  
S H O W N  F R P N T  V I E W  
CURRENT TRANSFORMER COMPARTMENT 
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